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A control valve configured in accordance with a particular
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portion of the pin at least partially define a throttling gap.

21 Claims, 25 Drawing Sheets

1366 100
106 1187 2~122  136a ;o
110~ 104 02 | 106 3
116 136¢ 138 1/745
136
o - J/Y O >
| N
[/
4 M\m (
( 132 140
128 “Np26
/ Sa
114 / 112 “Hg. 1D
i
156 1120\, 5y

Fig. 1E



US 9,095,955 B2

Page 2
(51) Int.CL 5799688 A 9/1998 Yie
BO3E 7/12 (2006.01) 204957 A 1095 Kemek etal 2397124
A s endrick etal. ............
BOSB 9/01 (2006.01) 5027329 A 7/1999 Yie
FO02M 47/00 (2006.01) 5970996 A 10/1999 Markey et al.
F02M 61/06 (2006.01) 5075429 A L11/1999 Jezek wooomoommvrvovoveerrcrn, 239/124
B24C 700 (2006.01) 6077.152 A 6/2000 Warchime
6,126,524 A 10/2000 Shepherd
. 6,220,529 Bl  4/2001 Xu
(56) References Cited 6,244.927 Bl 6/2001 Zeng
6,280,302 Bl 82001 Hashish
U.S. PATENT DOCUMENTS 6,283,832 Bl 9/2001 Shepherd .....c.ccoccoeererr.. 451/40
. 6379214 Bl 4/2002 Stewart et al.
2,558,035 A 6/1951 Bridgman 6415820 Bl 7/2002 Gluf, Jr.
2,819.835 A 1/1958 Newhall 6,425,805 Bl 7/2002 Massa et al.
2,822,789 A 2/1958 PhlllpS etal. ................. 239/584 6’431’465 Bl 8/2002 Y1e
3,095900 A~ 7/1963 Newhall 6,684,133 B2 1/2004 Frye-Hammelmann et al.
3,106,169 A 10/1963 Prosser et al. 6705921 Bl 3/2004 Shepherd
3,148,528 A 9/1964 Reynolds 7033256 B2 4/2006 Miller
3,296,855 A 1/1967 Newhall
/ i 7,083,124 B2 8/2006 Bednorz et al.
3521853 A 771970 Gillis, Jr 7,004,135 B2 82006 Chisumetal. ............ 451/101
3,705,693 A 12/1972 Franz 7,162,943 Bl 1/2007 Reitmeyer et al.
3,746,256 A 7/1973 Hall et al. 7,464,630 B2 12/2008 Knaupp et al.
3750961 A /1973 Franz 7,537,019 B2 52009 Ting etal.
3,785,707 A /1974 Mitsuoka Py ) :
7,896,726 Bl 3/2011 Miller et al. ...cccomorrrorr. 45172
3,789,741 A 2/1974 Hallberg 7938713 B2 52011 Trieb etal.
3,997,111 A~ 12/1976 Thomas et al. 8.240.634 B2 872012 Jarchau et al.
3’822’522 i g;}g;; %ilf;grﬁglsl 8,308,525 B2  11/2012 Hashish et al.
Ry roone s oot e U
4,162,763 A * 7/1979 ngglns ........................ 239/583 8573 244 B2 11/2013 Taylor
4192343 A 3/1980 Grahac 8,651,920 B2 2/2014 Hashish
4237913 A 12/1980 Maasberg 2003/0057295 Al 3/2003 Helmig
4,256,139 A~ 3/1981 Huperzetal. 2003/0106591 Al 6/2003 Saurwein et al.
4313570 A 2/1982 Olsen 2003/0106594 Al 6/2003 Saurwein et al.
4,371,001 A~ 2/1983 Olsen 2003/0107021 Al 6/2003 Saurwein et al.
4,392,784 A 7/1983 Hanafi 2004/0108000 A1 6/2004 Raghavan et al.
4435002 A~ 3/1984 Mercer et al. 2005/0173815 Al* 82005 Mueller ... . 261/64.1
4,456,440 A 6;1984 K"m‘g | 2006/0237672 Al* 10/2006 Moreno et al. ......... 251/129.02
4,573,886 A 3/1986 Maasberg etal. 2008/0169581 Al  7/2008 Fukushimaetal. ......... 264/219
4594924 A 6/1986 Windisch 2008/0282855 Al 11/2008 Kanai o 83/22
4,634,353 A /1987 Huperz 2009/0013839 Al 12009 Kanai et al. ooovvevvvrreeeee 83/13
4,648,215 A 3/1987 Hashish el al. 2011/0135505 Al 6/2011 Kieninger et al.
4665944 A 5/1987 Wallace el al. 2012/0199218 Al 82012 Gioberti et al.
4,776,769 A 10/1988 Hilaris 2012/0217011 Al 82012 Dotson et al.
4,798,094 A 1;1989 Newhall et al. 2012/0238188 Al 9/2012 Miller
4,818,194 A 4/1989 Saurwein 2012/0252325 Al* 10/2012 Schubert et al. . .. 451/60
4821467 A 4/1989 Woodson et al. 2012/0252326 Al* 10/2012 Schubert et al. ................ 451/60
3’23%’522 i %ggg ﬁzfnc(‘;c; " 2014/0087631 Al 3/2014 Raghavan et al.
4934111 A 6/1990 Hashish ct al.
4955164 A 9/1990 Hashish et al. FOREIGN PATENT DOCUMENTS
4973026 A 111990 Saurwein
5,018,670 A 5/1991 Chalmers DE 10214251 C1  8/2003
5,037,276 A 8/1991 Tremoulet, Jr. EP 2236893 A3 12011
5,037,277 A 8/1991 Tan JP 61222677 10/1986
5,117,872 A 6/1992 Yie WO WO0-9425209 Al 11/1994
5,186,393 A 2/1993 Yie WO 2013/109473 Al 7/2013
5199642 A 4/1993 RAnKin oo, 239/124
5200406 A 5/1993 Johnson OTHER PUBLICATIONS
5,226,799 A 7/1993 Raghavan et al. . .
5,253,808 A 10/1993 Pacht oo 239/124 U.S. Non-Final Office Action for U.S. Appl. No. 13/969,477, filed
5,297,777 A 3/1994 Yie Aug. 16, 2013, mailing date: Jun. 12, 2014, 45 pages.
5,320,289 A 6/1994 Hashish et al. U.S. Appl. No. 13/969,477, filed Aug. 16, 2013, Raghavan et al.
5,351,714 A 10/1994  Barnowski Miller, D.S., “New Abrasive Waterjet Systems to Compete With
g’igg’%gg ﬁ 1%332 glien et ?}111' Lasers,” 2005 WITA American Waterjet Conference, Aug, 21-23,
et chumacher 2005, Houston, Texas, 11 pages.
552481 A 6/1996 Yie et al. ; i ; ” ,
5557154 A 0/1996 Erhart Hasish, M., “Waterjet Machine Tool of the Future,” 9th American
5’564’469 A 10/1996 Tremoulet. Jr. e al. Waterjet Conference, Aug. 23-26, 1997, Dearborn, Michigan, Paper
5,636,789 A 6/1997 ShOOK weovevvrerrreeecrmrrnnnns 239/124  No. 538, 15 pages.
5727773 A 3/1998 Dunnigan . .
5,730,358 A 3/1998 Raghavan et al. * cited by examiner



U.S. Patent Aug. 4, 2015 Sheet 1 of 25 US 9,095,955 B2

1366 100
08 118 22 1360 e
110~ 104 106

134
6 ) ( 136c

i )

Ny

140

138 o145

114

156 120 124

ng. 14

104
102
150

£ / 142
S R %1t e s il
146 |

\ 144p
156 / 144




U.S. Patent Aug. 4, 2015 Sheet 2 of 25 US 9,095,955 B2

45

APNDA S P4
SSSS SIS

YARv.




U.S. Patent Aug. 4, 2015 Sheet 3 of 25 US 9,095,955 B2

136a

202

144




U.S. Patent Aug. 4, 2015 Sheet 4 of 25 US 9,095,955 B2
400 150
302b
402 102
/ ,/ 302a
142
1 N 302
R e A O, = =7
s e
' )
\ 144p 145
\ ] 144
404 144a
510 Fig. 4 o
504, 5040 508 0z
— J /
< ]
/457 W j
512 /o .
s07/ 5046 306 Flg. 5]

514~

1457




U.S. Patent Aug. 4, 2015 Sheet 5 of 25 US 9,095,955 B2




US 9,095,955 B2

Sheet 6 of 25

Aug. 4, 2015

U.S. Patent

0 I

020! 810/
970/ 010
;o

A 220} ~

NNS\
VQS\




US 9,095,955 B2

Sheet 7 of 25

Aug. 4, 2015

~¢-

U.S. Patent

= J] oL
i - >
T
\\ L9/} 010!
\
01/ S041 f
- \%: 14!
% 29¢/
021 1— % %5
W/\ N800/
FTIT \
T f%&
9415 A o7
- - f «/%:
I &:\
Ziir
= [ /
01 1—" T e
3:\8:\ mm:\ 9eti



U.S. Patent Aug. 4, 2015 Sheet 8 of 25 US 9,095,955 B2
1255
1200 1226 1202 1728
N 12020 |
12it~ - (“izs \_N2560 /
\/ ™~ 1255¢
J%‘ \ //
1200 1210—7 |} /
K\ N 1204 X'/ 1214
1206a-| 1257 276
1261 7205bw 1206 N PF1 j1207 PF2
)
1261a 12616 x ; e
\ 120 1236
1208q \SF 1208b
£y N AN
/1231
CFs 1230 \1232( 1258 (1256
' L1272
. . _1270| | 1254
HF \ 265 \1266
1260 1267+ 1269
R}
1 50%7254 1234
N 7218
) 1238
12740—H
127461 1220
125367 ||| 1274
12557 - 1262
12330 7
12k € \\« g
1246 \ 1224
1240 AN
1239



U.S. Patent Aug. 4, 2015 Sheet 9 of 25 US 9,095,955 B2

1255
1255x ,) 1255h

1200 1226 = 1202\ 1228
N 12020 >
d

1212 | L
\< ,2,5\ (*/\72556/255/

ey
1201 1210~ N\ g @ﬁ
\ N 204 1214
12060 1257 1276
1261 1206b 1206 N N\PRI—T - PF2
1207
12614 1261b ? 1 ’
e 1278
1208 1236
1208a SF 1208b
\ \
( L1231
1250 11232 | 1258 1256
HE— 1272
EE A1270| | 1254
\7250 ; ['1266
1267 ~1269|
1250 1984 ~1234
A | 1218
1238
12740 —]
12741 1220
123367 ||| 1274
12357 | 1267
1233 7
B
1242 C j/tV %(/ K
1240 S 724A 1224
1244 1222
1239

Fis. 12B



U.S. Patent

1200
RN

Aug. 4, 2015

Sheet 10 of 25 US 9,095,955 B2

1255
1255x

12555

1255 ) 12026
1226 1202 1228

12020 >

/272\< 1216~ \A, 2554
g

l 255¢

Al
1201 1210— § ‘Qﬁ S
N v
K > 5204
1276 i
1261 1206b 1206 K \PF1 / > \PFQ
1261a 1261b X X 1278 1214
2208 ] L1208b
1208 1236 1254
a 1256
7257X a )
1230 1237 1258
HE < A 1231
T il
1260 12674
1269
150 \\gpp 1250
1248 121871 [~ 1266
144
12740 —1 1264 / 1234
/‘/ I
123357 ||
12337 1274
1233q 1262 4
/g
e //tm\x T
1240 % 724A IZZA
1244 1222

1239

Fig. 12C



US 9,095,955 B2

Sheet 11 of 25

Aug. 4, 2015

U.S. Patent

VET

..%E

Y49 = 8040} 102ju00 BuIsnoy ~ — —
74d = Jaquieyo puodas ul sef WwoJj 8010f afeunald — —

41 = 8210} |BI0] ~——

JH = Uid BIA pinj} wol 89104 ANEIPAH ==~

48 = Jaquisw Jueyise) wad 8010} Bupdg —-—

L 4d = 48GUBYD Js11 Ul BB WoJ) 80i0j arewNdUd — - —
§4) = 9910} J0BJU0D )88 -~~~

(1eag pIeMO] = 9A- ‘|eag Woy Aemy = 3A+) 189S puE Uld usamiag Buioeds

Buioeds o1s7 J

Amo._o% Olo7

mwee lenb3

90821

819c1

s
\

Emw\\

QGN\\\

(paso|n ““B8) uonISod pug 1814 JeaN Jaquiay

. a——

1
!
i &

9]qB8A0\ U0 82104 "SA |B3S pUB Uld Udamjag Buloedg

8A+) JOQUIJ BIQEBAO U0 80104

9h- “Jeag Wouj Aemy =

(1eag piemoy




US 9,095,955 B2

Sheet 12 of 25

Aug. 4, 2015

U.S. Patent

gel o

4H = ud et pInY WoJj 8210} JNEIPAH = ===

U47) = 9010} 108Ju03 BUIsnoy — — - 48 = Jaquiaul uelisal woy a0.c; Bulidg —-—

74d = Joquieyd puodss U1 SeB Loy 80I0} daUinaUd — —  |4d = JOQWIBY? JSulf Ul el Wiol 8910) JEUNSUY —--—
41 =820} [B)0 —— $47) = 8910} J0BIUCO 188G -~ - --

\ Buioeds wnwxep
(jess plemo] = ar- ‘Jeas Wol; Aemy = dA+) 183G pue tid Usamag Buieds

(uadQ “B'8) uonIsod pu3 puooas JesN Jequisy
8|(JeaA0| U0 82104 “SA }eaS pue uld usamjag buioedg

9h- '12ag Wolf ABMY = 9A+) JOGUISH SGBIAO U0 2104

{jeag piemo)




US 9,095,955 B2

Sheet 13 of 25

Aug. 4, 2015

U.S. Patent

FlAA azz!
AN

grl o
AN

090z}
Zov!

Y

grl .S-w

5%

)/
A 99021

111111111111

||||||||||||

|||||||

1111111111

\2/
N /,/,/. Sirl
N7 u 921
N
/\ \ ...... \ oZlr!
S
80r!
r/m&
VEI L]
o R v‘:

444

ocri




US 9,095,955 B2

Sheet 14 of 25

Aug. 4,2015

U.S. Patent

VoI ol
9971
%ﬂ ﬁw \ﬁ \ &&&@ ﬁ
/ 951 rest

:&y 6521
\&S vzl

20 &/ = 995/
A P& /
.~ NP,
IATENGE NN
E\J/VVW« %\ —_— 0521 812!
) \ NN
N | \.N&(
b lm&
0551 %&\ wﬁ N A~ w
o =¥
& | 0751
8951 NN&“Wx \ NES
0L51
ocsi (0557 AN -
e
7251 4/
99614~ N
99251 -
0161~ PN %ﬂ mﬁ A4 /1324/
s 3 7
2
ros1 3& %& s/ QSK \ 9151 /

roc; 9551

qr05/ 0051



US 9,095,955 B2

Sheet 15 of 25

Aug. 4, 2015

U.S. Patent

geyr suy
9zl

550 5 coes  zzm wa 671
7951 f V A.@& yee) Yﬁ& ﬁ ( 0v2L_—zr2s
\ @W& X
Y {
<856/ NN
0976} C %K

s\

[
s ol

W

055155017796 I~ SEGI—

(L Ll LR

896/ X N
/61 T N
7 2r5)

0Lt— aze)’ HzZ5!

P51 8561 7051



US 9,095,955 B2

Sheet 16 of 25

Aug. 4,2015

U.S. Patent

IGT Tl
9rcl

7551
££5 | 5 g

£66 cH 6oz
E&J f / 9! x 22! v ﬁ ( core_—zyzy

W 8561
S

9951

N

1551

3N =
W/f i 0551 \MM.&W&,T/@%J

/VVVZ\\\\ (AT

- 0861

N v%
296/ QQ$ i
05}

/¢ \\ 9251~ N

2151 Al

Zesd QET/\W
S&\;X %
N\&\\V

—— ),

17517 8561 & N

yos1 9551 905!




U.S. Patent Aug. 4, 2015 Sheet 17 of 25 US 9,095,955 B2

7609\
1616

1618 /7620 7503/ 1606

7650 )
1636 1624, 1624b 7522 1638
\
) 1640
/| /{ ¢ §)

> %
|

7LL,\

7604\ (%%

| % | N I 628b
1624a {
75253\ A |

1612 1626 1632 1610 7\554 (

Fig. 164 "

7600\
1616

/502
1618 /7620 //608/ 1606

WOF
1636 1624,1624b 1622 1638
YOO 1 1640

i%%\%@%/// ] - *@”

16047, ’
W B ~1628b
1624a /628/ "\ \
1628a \ 1628 i
1612 7626\ 1632 1610 1634 <
“Fig. 16C 1614

Fie. 16B



U.S. Patent Aug. 4, 2015 Sheet 18 of 25 US 9,095,955 B2

_.\_.»__._9 =SSN
\ \/\/ /235 Flg. 16C
AN
~ 1622

7600\
,502 166 1616

Ib‘F 1618 /’5?0 /608/ 1606

1638

7630'/( /
76\36 1624,1624b 7/522

\ ( %\& \Jfé/% J&‘
- Z ‘2\/ 4 -
Z ‘
L0/ ( %/ / ~1628b
| //
1624a / L // s ‘
1612 76280116Fl—> 1632|1610 1634 (

ng 16E 166G 1614 1642

Hg. 16‘0 P — /7630

1646 7626

\@?_
\ v 1636

Flg 15E N 1622




U.S. Patent Aug. 4, 2015 Sheet 19 of 25 US 9,095,955 B2

1622




U.S. Patent Aug. 4, 2015 Sheet 20 of 25 US 9,095,955 B2

1650

1632

1650

1650

1650

Fie, 178



U.S. Patent Aug. 4, 2015 Sheet 21 of 25 US 9,095,955 B2




U.S. Patent Aug. 4, 2015 Sheet 22 of 25 US 9,095,955 B2




U.S. Patent Aug. 4, 2015 Sheet 23 of 25 US 9,095,955 B2

\
-~ 1808

2108

Fig. 21B



U.S. Patent Aug. 4, 2015 Sheet 24 of 25 US 9,095,955 B2
2200
2202 210 | 2208 re
A A 2220
2204 1 2206 \ > 214 —— 2223
1 N\-2218
2934 2012 | | 2222 }— 216 1 2224
\\ 2240 |
1 Y
| 2244 7 2248 > 2226
N
2245‘\‘ I{ [T e 4 2230 Y
JR—— 2242
2236 V-1 2238 |- ] 2232 2228
Fig. 22
2300
2202 2210 > 2008 e
Y A 2220 Y
2204 |— 2206 - > 214 >—{ 2223
v 2218
92 /2/ 2222 b1 | 2304 — 2224
2240, g % |
2243~ N 2302
/ ! 2042
2236 |-~ 2238 {----m-mmh e 2237 2228




US 9,095,955 B2

Sheet 25 of 25

Fe oy
.\v:&
mwww / \\
\ /} m \
VA 24 — Y 7

Aug. 4, 2015

clye o

U.S. Patent

"

H 724 B I N N N j
9092

2404
61¥Z 0svZ 444

core

7T



US 9,095,955 B2

1
CONTROL VALVES FOR WATERJET
SYSTEMS AND RELATED DEVICES,
SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the following appli-
cations:

(a) U.S. Provisional Application No. 61/684,133, filed Aug.

16, 2012;

(b) U.S. Provisional Application No. 61/684,135, filed Aug.

16, 2012;

(c) U.S. Provisional Application No. 61/684,642, filed Aug.

17,2012,

(d) U.S. Provisional Application No. 61/732,857, filed Dec. 3,

2012; and
(e) U.S. Provisional Application No. 61/757,663, filed Jan.

28, 2013.

The foregoing applications are incorporated herein by ref-
erence in their entireties. To the extent the foregoing applica-
tions and/or any other materials incorporated herein by ref-
erence conflict with the present disclosure, the preset
disclosure controls.

TECHNICAL FIELD

The present technology is generally related to control
valves for waterjet systems, control-valve actuators, waterjet
systems (e.g., abrasive jet systems), and methods for operat-
ing waterjet systems.

BACKGROUND

Waterjet systems (e.g., abrasive jet systems) are used in
precision cutting, shaping, carving, reaming, and other mate-
rial-processing applications. During operation, waterjet sys-
tems typically direct a high-velocity jet of fluid (e.g., water)
toward a workpiece to rapidly erode portions of the work-
piece. Abrasive material can be added to the fluid to increase
the rate of erosion. When compared to other material-pro-
cessing systems (e.g., grinding systems, plasma-cutting sys-
tems, etc.) waterjet systems can have significant advantages.
For example, waterjet systems often produce relatively fine
and clean cuts, typically without heat-affected zones around
the cuts. Waterjet systems also tend to be highly versatile with
respect to the material type of the workpiece. The range of
materials that can be processed using waterjet systems
includes very soft materials (e.g., rubber, foam, leather, and
paper) as well as very hard materials (e.g., stone, ceramic, and
hardened metal). Furthermore, in many cases, waterjet sys-
tems are capable of executing demanding material-process-
ing operations while generating little or no dust, smoke, and/
or other potentially toxic byproducts.

In a typical waterjet system, a pump pressurizes fluid to a
high pressure (e.g., 40,000 psi to 100,000 psi or more). Some
of'this pressurized fluid is routed through a cutting head that
includes an orifice element having an orifice. Passing through
the orifice converts static pressure of the fluid into kinetic
energy, which causes the fluid to exit the cutting head as a jet
at high velocity (e.g., up to 2,500 feet-per-second or more)
and impact a workpiece. The orifice element can be a hard
jewel (e.g., a synthetic sapphire, ruby, or diamond) held in a
suitable mount (e.g., a metal plate). In many cases, a jig
supports the workpiece. The jig, the cutting head, or both can
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be movable under computer and/or robotic control such that
complex processing instructions can be executed automati-
cally.

Certain materials, such as composite materials and brittle
materials, may be difficult to process using conventional
waterjet systems. For example, when a waterjet is directed
toward a workpiece made of a composite material, the water-
jet may initially form a cavity in the workpiece and hydro-
static pressure from the waterjet may act on sidewalls of the
cavity. This can cause weaker parts of the workpiece to pref-
erentially erode. In the case of layered composite materials,
for example, hydrostatic pressure from a waterjet may erode
binders between layers within the workpiece and thereby
cause the layers to separate. As another example, when a
waterjet is directed toward a workpiece made of a brittle
material (e.g., glass), the load on the workpiece during pierc-
ing may cause the workpiece to spall and/or crack. Similarly,
spalling, cracking and/or other damage can occur when
waterjets are used to form particularly delicate structures in
both brittle and non-brittle materials. Other properties of
waterjets may be similarly problematic with respect to certain
materials and/or operations.

One conventional technique for mitigating collateral dam-
age to a workpiece (e.g., a workpiece made of a composite
and/or brittle material) includes piercing the workpiece with
a waterjet at a relatively low pressure (e.g., corresponding to
a relatively low pressure upstream from an orifice) and then
either maintaining the low pressure during the remainder of
the processing or ramping the pressure upward after piercing
the workpiece. At relatively low waterjet pressures, waterjet
processing is often too slow to be an economically viable
option for large-scale manufacturing. Furthermore, conven-
tional techniques for ramping waterjet pressures upward
(e.g., by ramping fluid pressure upstream from an orifice
upward) can also be slow and typically decrease the opera-
tional life of at least some components of waterjet systems.
For example, a conventional technique for ramping waterjet
pressures upward includes controlling a pump and/or a relief
valve to increase the pressure of all of the pressurized fluid
within a waterjet system. With this technique, a variety of
components of the system (e.g., valves, seals, conduits, etc.)
are repeatedly exposed to the fluid at both low and high
pressures. Over time, this pressure cycling can lead to fatigue-
related structural damage to the components, which can cause
the components to fail prematurely. Greater numbers of pres-
sure cycles and greater pressure ranges within each cycle tend
to exacerbate these negative effects. The costs associated with
such wear (e.g., frequent part replacements, other types of
maintenance, and system downtime) can make such
approaches impractical for certain applications. For example,
in material-processing applications that involve repeatedly
starting and stopping a waterjet (e.g., to cut spaced-apart
openings in a workpiece), ramping system pressures in each
instance can cause unacceptable wear to conventional water-
jet systems and make use of such systems for these applica-
tions cost prohibitive.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present disclosure can be better under-
stood with reference to the following drawings. The relative
dimensions in the drawings may be to scale with respect to
some embodiments. With respect to other embodiments, the
drawings may not be to scale. For ease of reference, through-
out this disclosure identical reference numbers may be used
to identify identical or at least generally similar or analogous
components or features.
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FIG. 1A is a cross-sectional side view illustrating a control
valve including a pin at a shutoft position configured in accor-
dance with an embodiment of the present technology.

FIG. 1B is an enlarged cross-sectional side view illustrat-
ing first and second seats of the control valve shown in FIG.
1A.

FIG. 1C is a cross-sectional side view illustrating the con-
trol valve shown in FIG. 1A with the pin at a given throttling
position.

FIGS. 1D and 1E are enlarged views of portions of FIG.
1C.

FIG. 2-9 are enlarged cross-sectional side views illustrat-
ing control-valve seats and pins configured in accordance
with embodiments of the present technology.

FIGS. 10 and 11 are cross-sectional side views illustrating
control-valve actuators configured in accordance with
embodiments of the present technology.

FIGS. 12A, 12B, and 12C are cross-sectional side views
illustrating a portion of a control valve including an actuator
having a movable member at a first end position, a given
intermediate position, and a second end position, respec-
tively, configured in accordance with an embodiment of the
present technology.

FIGS. 13A and 13B are plots of spacing between a pin and
a seat of the control valve shown in FIGS. 12A-12C (x-axis)
versus force on the movable member (y-axis) when the mov-
able member is near the first end position and the second end
position, respectively.

FIG. 14 A is a partially schematic cross-sectional side view
illustrating a portion of a waterjet system including a control
valve as well as a controller configured to operate the control
valve, and associated components configured in accordance
with an embodiment of the present technology.

FIG. 14B is an enlarged view of a portion of FIG. 14A.

FIGS. 15A, 15B, and 15C are cross-sectional side views
illustrating a portion of a control valve including an actuator
and a pin, with the pin in a closed position, a throttling
position, and an open position, respectively, configured in
accordance with an embodiment of the present technology.

FIGS. 16A and 16B a cross-sectional side views illustrat-
ing a relief valve in a first operational state and a second
operational state, respectively, configured in accordance with
an embodiment of the present technology.

FIG. 16C is an enlarged view of a portion of FIG. 16B.

FIG. 16D is a cross-sectional side view illustrating the
relief valve of FIG. 16A in a third operational state.

FIG. 16E is an enlarged view of a portion of FIG. 16D.

FIG. 16F is a cross-sectional end view taken along line
16F-16F in FIG. 16D.

FIG. 16G is a cross-sectional end view taken along line
16E-16FE in FIG. 16D.

FIG. 16H is an enlarged view of a portion of FIG. 16F.

FIG. 161 is an enlarged view of a portion of FIG. 16G.

FIG. 17A is an enlarged isometric perspective view illus-
trating a relief valve stem of the relief valve of FIG. 16A.

FIG. 17B is a cross-sectional end view taken along line
17B-17B in FIG. 17A.

FIG. 18A is an enlarged isometric perspective view illus-
trating a relief valve stem configured in accordance with
another embodiment of the present technology.

FIG. 18B is a cross-sectional end view taken along line
18B-18B in FIG. 18A.

FIG. 18C is a cross-sectional end view taken along line
18C-18C in FIG. 18A.

FIG. 19A is an enlarged isometric perspective view illus-
trating a relief valve stem configured in accordance with
another embodiment of the present technology.
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FIG. 19B is a cross-sectional end view taken along line
19B-19B in FIG. 19A.

FIG. 19C is a cross-sectional end view taken along line
19C-19C in FIG. 19A.

FIG. 20A is an enlarged isometric perspective view illus-
trating a relief valve stem configured in accordance with
another embodiment of the present technology.

FIG. 20B is a cross-sectional end view taken along line
20B-20B in FIG. 20A.

FIG. 21A is an enlarged isometric perspective view a relief
valve stem configured in accordance with another embodi-
ment of the present technology.

FIG. 21B is a cross-sectional end view taken along line
21B-21B in FIG. 21A.

FIGS. 22 and 23 are schematic block diagrams illustrating
waterjet systems including control valves configured in
accordance with embodiments of the present technology.

FIG. 24 is a perspective view illustrating a waterjet system
including a control valve configured in accordance with
another embodiment of the present technology.

DETAILED DESCRIPTION

Specific details of several embodiments of the present tech-
nology are disclosed herein with reference to FIGS. 1A-24.
Although the embodiments are disclosed herein primarily or
entirely with respect to waterjet applications, other applica-
tions in addition to those disclosed herein are within the scope
of the present technology. For example, control valves con-
figured in accordance with at least some embodiments of the
present technology can be useful in various high-pressure
fluid-conveyance systems. Furthermore, waterjet systems
configured in accordance with embodiments of the present
technology can be used with a variety of suitable fluids, such
as water, aqueous solutions, hydrocarbons, glycol, and liquid
nitrogen, among others. As such, although the term “waterjet”
is used herein for ease of reference, unless the context clearly
indicates otherwise, the term refers to a jet formed by any
suitable fluid, and is not limited exclusively to water or aque-
ous solutions. It should be noted that other embodiments in
addition to those disclosed herein are within the scope of the
present technology. For example, embodiments ofthe present
technology can have different configurations, components,
and/or procedures than those shown or described herein.
Moreover, a person of ordinary skill in the art will understand
that embodiments of the present technology can have con-
figurations, components, and/or procedures in addition to
those shown or described herein and that these and other
embodiments can be without several of the configurations,
components, and/or procedures shown or described herein
without deviating from the present technology.

As used herein, the term “piercing,” unless the context
clearly indicates otherwise, refers to an initial striking, pen-
etration, or perforation of a workpiece by a waterjet. As an
example, piercing may include removing a portion of a work-
piece with a waterjet to a predetermined or non-predeter-
mined depth and in a direction that is at least generally aligned
with (e.g., parallel to) a longitudinal axis of the waterjet. As
another example, piercing may include forming an opening or
hole in an initial outer portion and/or one or more initial outer
layers of a workpiece using a waterjet. As yet another
example, piercing may include penetrating completely
through a workpiece as a preparatory action prior to cutting a
feature (e.g., a slot) in the workpiece. The term “cutting,”
unless the context clearly indicates otherwise, generally
refers to removal of at least a portion of a workpiece using a
waterjet in a direction that is not at least generally aligned
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with (e.g., parallel to) a longitudinal axis of the waterjet.
However, in some instances, cutting may also include, after
an initial piercing, continued material removal from a pierced
region (e.g., an opening) using a waterjet in a direction that is
at least generally aligned with (e.g., parallel to) a longitudinal
axis of the waterjet. The headings provided herein are for
convenience only and should not be construed as limiting the
subject matter disclosed herein.

Selected Examples of Control Valves

FIG. 1A is a cross-sectional side view illustrating a control
valve 100 configured in accordance with an embodiment of
the present technology. The control valve 100 can be config-
ured for use at high pressure. For example, in at least some
embodiments, the control valve 100 has a pressure rating or is
otherwise configured to use at pressures greater than about
20,000 psi (e.g., within a range from about 20,000 psi to about
120,000 psi), greater than about 40,000 psi (e.g., within a
range from about 40,000 psi to about 120,000 psi), greater
than about 50,000 psi (e.g., within a range from about 50,000
psi to about 120,000 psi), greater than another suitable thresh-
old, or within another suitable range. In the illustrated
embodiment, the control valve 100 includes a first seat 102
and a complementary second seat 104. The control valve 100
can further include an upstream housing 106 extending at
least partially around the first seat 102, a downstream housing
108 extending at least partially around the second seat 104,
and a collar 110 extending between the upstream housing 106
and the downstream housing 108. A first engagement feature
112 operably positioned between the collar 110 and the
upstream housing 106 can be fixed, and a second engagement
feature 114 operably positioned between the collar 110 and
the downstream housing 108 can be adjustable. For example,
the first engagement feature 112 can be a flanged abutment
and the second engagement feature 114 can include comple-
mentary threads. Alternatively, the first engagement feature
112 can be adjustable and the second engagement feature 114
can be fixed, the first and second engagement features 112,
114 can both be adjustable, or the first and second engage-
ment features 112, 114 can both be fixed. Furthermore, the
upstream and downstream housings 106, 108 can be integral
with one another or adjustably or fixedly connectable without
the collar 110.

The upstream housing 106 can include a first recess 116
shaped to receive at least a portion of the first seat 102.
Similarly, the downstream housing 108 can include a second
recess 118 shaped to receive at least a portion of the second
seat 104. The second engagement feature 114 can be adjusted
(e.g., rotated) in a first direction to reduce the distance or gap
between the first and second recesses 116, 118 and thereby
releasably secure the first and second seats 102, 104 between
the upstream and downstream housings 106, 108 (e.g., in an
abutting relationship with one another). Similarly, the second
engagement feature 114 can be adjusted (e.g., rotated) in a
second direction opposite to the first direction to increase the
distance or gap between the first and second recesses 116,118
and ultimately separate the upstream and downstream hous-
ings 106, 108 to thereby release the first and second seats 102,
104 from the control valve 100 (e.g., for replacement, inspec-
tion, etc.). The collar 110 can include a first weep hole 120
configured to allow any fluid leakage between the upstream
and downstream housings 106, 108 to escape from the control
valve 100. The collar 110 can further include an annular
groove 122 that passes across an outside opening of the first
weep hole 120 and accepts an o-ring 124.

In the illustrated embodiment, the upstream housing 106
includes a fluid inlet 126 that opens into a first chamber 128
operably positioned adjacent to and upstream from the first
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seat 102. The upstream housing 106 can further include a
third recess 130 and a fourth recess 132, with the fourth recess
132 operably positioned between the first chamber 128 and
the third recess 130. The fourth recess 132 can be configured
to house a seal assembly (not shown) (e.g., a high-pressure
seal assembly including static and/or dynamic sealing com-
ponents), and the third recess 130 can be configured to house
a retainer screw (not shown) configured to secure the seal
assembly within the fourth recess 132. Similar to the collar
110, the upstream housing 106 can include a second weep
hole 134 configured to allow any fluid leakage through the
seal assembly to escape from the control valve 100. Further-
more, the control valve 100 can include a fluid filter (not
shown) (e.g., a screen or mesh made of stainless steel or
another suitable material) operably positioned in or at least
proximate to the fluid inlet 126 or having another suitable
position upstream from the first seat 102. In at least some
cases, the control valve 100 can be susceptible to damage
from particulates within fluid flowing through the control
valve 100. The fluid filter can reduce the possibility of such
particulates reaching the first and second seats 102, 104.

The control valve 100 can further include an elongated pin
136 (e.g., a tapered, at least generally cylindrical pin with a
circular cross-section), a plunger 138, and a cushion 140
operably positioned between the pin 136 and the plunger 138.
The pin 136 can include a shaft portion 136a extending
through the first chamber 128 and into the first seat 102, an
end portion 1365 at one end of the shaft portion 1364 operably
positioned toward the second seat 104, and a base portion
136¢ at an opposite end of the shaft portion 1364 operably
positioned toward the cushion 140. In FIG. 1A, the pin 136 is
at a shutoft position. As discussed in greater detail below, the
end portion 1365 of the pin 136 can interact with the second
seat 104 to at least generally shutoff flow of fluid through the
control valve 100, and the shaft portion 1364 of the pin 136
can interact with the first seat 102 to vary the flow rate of the
fluid passing through the control valve 100 (e.g., by throttling
the fluid). Accordingly, in some embodiments, the end por-
tion 1364 of the pin 136 and the second seat 104 are config-
ured for enhanced shutoft functionality, and the shaft portion
136a of the pin 136 and the first seat 102 are configured for
enhanced throttling functionality. In other embodiments (e.g.,
as discussed below with reference to FIG. 7), the end and
shaft portions 1364, 1365 of the pin 136 and the first and
second seats 102, 104 can have other purposes. Changing the
flow rate of the fluid passing through the control valve 100 can
change a pressure of the fluid upstream from an associated
waterjet orifice (not shown) and, thus, a velocity of a waterjet
exiting the orifice.

In some embodiments, the cushion 140 is configured to
compress between the base portion 136¢ of the pin 136 and
the plunger 138 when the pin 136 is at the shutoff position and
the plunger 138 is at a position of maximum extension. In this
way, the cushion 140 can reduce the possibility of the plunger
138 forcing the end portion 1365 of the pin 136 against the
second seat 104 with excessive force, which has the potential
to damage the pin 136 and/or the second seat 104. Suitable
materials for the cushion 140 can include, for example, ultra-
high-molecular-weight polyethylene, polyurethane, and rub-
ber, among others. In other embodiments, the cushion 140
may be absent and the base portion 136¢ of the pin 136 and the
plunger 138 may directly abut one another or be connected in
another suitable manner. Additional details and examples
related to controlling actuation of the pin 136, including
controlling force between the end portion 1365 of the pin 136
and the second seat 104 are provided below.
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FIG. 1B is an enlarged cross-sectional side view illustrat-
ing the first and second seats 102, 104 with other portions of
the control valve 100 not shown for clarity. The first seat 102
canincludea first passage 142 and a tapered inner surface 144
along at least a portion of the first passage 142. For example,
the tapered inner surface 144 can have a first end portion 144a
closest to the contact surface 148 and a second end portion
1445 opposite to the first end portion 144a, and can be tapered
inwardly toward a longitudinal axis 145 of the pin 136 from
the second end portion 1445 toward the first end portion 144a.
Similarly, the second seat 104 can include a second passage
146 and a contact surface 148. The tapered inner surface 144
can have a suitable angle for throttling functionality. In at
least some embodiments, the angle of the tapered inner sur-
face 144 can be within a range from about 0.01 degree to
about 2 degrees, within a range from about 0.1 degree to about
0.59 degree, within a range from about 0.1 degree to about 0.5
degree, or within another suitable range of angles relative to
the longitudinal axis 145 of the pin 136. For example, in at
least some embodiments, the tapered inner surface 144 can
have an angle of about 0.5 degree relative to the longitudinal
axis 145 of the pin 136. The contact surface 148 can have a
suitable angle for receiving the end portion 1364 of the pin
136 and at least generally shutting oft fluid flow through the
control valve 100. In at least some embodiments, the angle of
the contact surface 148 can be within a range from about 15
degrees to about 90 degrees, within a range from about 20
degrees to about 40 degrees, within a range from about 25
degrees to about 35 degrees, or within another suitable range
of angles relative to the longitudinal axis 145 of the pin 136.
For example, the contact surface 148 can have an angle of
about 30 degrees relative to the longitudinal axis 145 of the
pin 136.

With reference to FIGS. 1A and 1B together, the tapered
inner surface 144 can be spaced apart from the contact surface
148 in a direction parallel to the longitudinal axis 145 of the
pin 136. For example, the first seat 102, the second seat 104,
or both can at least partially define a second chamber 150
between the first end portion 144q of the tapered inner surface
144 and the contact surface 148. The first passage 142 can
have a larger cross-sectional area at the second chamber 150
relative to the longitudinal axis 145 of the pin 136 than at the
tapered inner surface 144. Spacing the tapered inner surface
144 and the contact surface 148 can be useful, for example, to
faciliate manufacturing. For example, the first and second
seats 102, 104 can be separately manufactured and then
joined (e.g., in an interlocking configuration). In some
embodiments, the first and second seats 102, 104 are adjust-
ably connectable such that adjusting a connection between
the first and second seats 102, 104 varies the spacing between
the tapered inner surface 144 and the contact surface 148. In
other embodiments, the first and second seats 102, 104 can be
fixedly connected (e.g., by welding). The engagement feature
operably positioned between the first and second seats 102,
104 can be at least partially compression fit, include comple-
mentary threads, or have another suitable form. In some
cases, the first and second seats 102, 104 are detachable from
one another and separately replaceable. In other cases, the
first and second seats 102, 104 can be non-detachable from
one another.

The pin 136 can be movable relative to the first and second
seats 102, 104 between the shutoft position and one or more
throttling positions in which the end portion 1365 of the pin
136 is positioned away from the contact surface 148. For
example, the pin 136 can be movable between the shutoff
position and two or more throttling positions incrementally or
infinitely varied within a range of throttling positions. FIG.
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1C is a cross-sectional side view illustrating the control valve
100 with the pin 136 at a given throttling position. FIGS. 1D
and 1E are enlarged views of portions of FIG. 1C. With
reference to FIG. 1D, when the pin 136 is at the throttling
position shown, the shaft portion 1364 of the pin 136 and the
tapered inner surface 144 can at least partially define a first
gap 152 perpendicular to the longitudinal axis 145 of the pin
136 (e.g., a circumferential gap, an annular clearance, a free
passage area, and/or the spacing between the shaft portion
1364 of the pin 136 and the tapered inner surface 144). With
reference to FIG. 1E, when the pin 136 is at the throttling
position shown, the end portion 1365 of the pin 136 and the
contact surface 148 can at least partially define a second gap
154 parallel to the longitudinal axis 145 of the pin 136 (e.g.,
a longitudinal gap, a free passage area, and/or the spacing
between the end portion 1365 of the pin 136 and the contact
surface 148). The second seat 104 can include a channel 156
along the second passage 146 adjacent to and downstream
from the contact surface 148. The shaft and end portions
136a, 1365 of the pin 136 can have outer surfaces angled to at
least generally match the angles of the tapered inner surface
144 and the contact surface 148, respectively. For example,
the shaft portion 1364 of the pin 136 can have a tapered outer
surface with an angle relative to the longitudinal axis 145 of
the pin 136 about equal to an angle of the tapered inner surface
144 relative to the longitudinal axis 145 of the pin 136.

Moving the pin 136 from one throttling position to another
throttling position can proportionally vary the first and second
gaps 152, 154. For example, moving the pin 136 from one
throttling position to another throttling position (e.g., left-to-
right in FIG. 1C) can vary (e.g., increase) the annular cross-
sectional area of the first gap 152 in a plane perpendicular to
the longitudinal axis 145 of the pin 136. In this way, the first
gap 152 can act as a throttling gap. The shapes of the end
portion 1365 of the pin 136, the shaft portion 136a of the pin
136, the tapered inner surface 144, and the contact surface
148 can be selected to cause the second gap 154 to be pro-
portionally greater than the first gap 152 when the pin 136 is
at a given throttling position. In at least some embodiments,
the second gap 154 can be at least about 5 times greater (e.g.,
within a range from about 5 times to about 100 times greater),
atleast about 10 times greater (e.g., within a range from about
10 times to about 80 times greater), at least about 20 times
greater (e.g., within a range from about 20 times to about 40
times greater), at least another suitable threshold multiple
greater, or within another suitable range of multiples greater
than the first gap 152 when the pin 136 is at a given throttling
position. For example, in one embodiment, the second gap
154 is about 28 times greater than the first gap 152 when the
pin 136 is at a given throttling position.

Atthehigh pressures and velocities typically used in water-
jet systems, components within waterjet systems can erode
rapidly. This erosion can compromise important tolerances or
even lead to component failure. Typically, both the speed of a
fluid flowing past a solid surface and the surface area of the
surface affect its rate of erosion. When the cross-sectional
area of a flow passage is restricted for a given pressure, the
speed of the fluid increases proportionally with the restric-
tion. With these variables in mind, the shapes of the end
portion 1365 of the pin 136, the shaft portion 136a of the pin
136, the tapered inner surface 144, and the contact surface
148 can be selected to enhance the operation and/or lifespan
of'the control valve 100. For example, in most cases, when the
pin 136 is at a given throttling position and the second gap 154
is greater than the first gap 152, the speed of the fluid flowing
through the first gap 152 is proportionally greater than the
speed of the fluid flowing through the second gap 154. The
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surface areas of the tapered inner surface 144 and the contact
surface 148 can be selected to at least partially compensate for
differences in erosion associated with these differences in
speed. For example, the surface area of the tapered inner
surface 144 can be selected to cause the erosion rate of the
tapered inner surface 144 and an erosion rate of the contact
surface 148 to be within about 50% of one another, within
about 25% of one another, or otherwise at least generally
equal. When the erosion rates of the tapered inner surface 144
and the contact surface 148 are at least generally equal, the
overall control valve 100 can wear relatively evenly, which
can improve the operation of the control valve 100 and/or
increase the lifespan of the control valve 100. The surface area
of the tapered inner surface 144 can be variable over a wide
range by changing the length of the tapered inner surface 144.
In general, larger surfaces erode more slowly than smaller
surfaces. Thus, the surface area of the tapered inner surface
144 can be selected to be at least about 5 times (e.g., within a
range from about 5 times to about 100 times), at least about 10
times (e.g., within a range from about 10 times to about 100
times), at least about 20 times (e.g., within a range from about
20 times to about 100 times), at least another suitable thresh-
old multiple, or within another suitable range of multiples
greater than the surface area of the contact surface 148.

With reference to FIG. 1C, the plunger 138 can be con-
trolled by an actuator (not shown) of the control valve 100,
and the pin 136 can be secured to the plunger 138 such that the
actuator controls movement of the pin 136 (e.g., between a
throttling position and the shutoff position and/or between
two or more throttling positions) via the plunger 138. The
actuator, for example, can have one or more of the features
described below with reference to FIGS. 10-14B. In some
embodiments, an adapter (not shown) attaches the base por-
tion 136¢ of the pin 136 to the plunger 138 such that the
actuator can both push and pull the pin 136 via the plunger
138. In other embodiments, the adapter can be absent and the
base portion 136¢ of the pin 136 and the plunger 138 may be
connected in another suitable manner. The first gap 152 canbe
slightly open when the pin 136 is at the shutoff position (e.g.,
the shaft portion 1364 of the pin 136 and the tapered inner
surface 144 can be slightly spaced apart along their lengths).
Alternatively, the first gap 152 can be closed when the pin 136
is atthe shutoffposition (e.g., the shaft portion 1364 of the pin
136 and the tapered inner surface 144 can be in contact along
at least a portion of their lengths). The second gap 154 can be
fully closed when the pin 136 is at the shutoff position shown
in FIG. 1A (e.g., the end portion 1365 of the pin 136 can
contact the contact surface 148) and open when the pin 136 is
at a given throttling position (e.g., the end portion 1365 of the
pin 136 can be spaced apart from the contact surface 148).
When the first gap 152 is slightly open when the pin 136 is at
the shutoff position, at least generally all of the force from the
plunger 138 can be exerted against the contact surface 148.
Even when the first gap 152 is closed when the pin 136 is at
the shutoft position, a greater amount of force per surface area
can be exerted against the contact surface 148 than against the
tapered inner surface 144.

Relatively high compression force between the end portion
1366 of the pin 136 and the contact surface 148 can be
advantageous to facilitate complete or nearly complete seal-
ing against fluid flow through the control valve 100. In at least
some embodiments, the actuator and the contact surface 148
can be configured such that a compression force between the
end portion 1365 of the pin 136 and the contact surface 148 is
at least about 75,000 psi (e.g., within a range from about
75,000 psi to about 200,000 psi), at least about 100,000 psi
(e.g., within a range from about 100,000 psi to about 200,000
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psi), at least another suitable threshold force, or within
another suitable range of forces when the pin 136 is at the
shutoff position. The second seat 104 can be configured to
withstand this force. For example, in the illustrated embodi-
ment, the contact surface 148 can be buttressed in a direction
parallel to the longitudinal axis 145 of the pin 136 by a wall
around the channel 156. The cross-sectional area of the sec-
ond passage 146 can be smaller along a segment adjacent to
and downstream from the contact surface 148 than another
segment further downstream from the contact surface 148.
The channel 156 can have a cross-sectional area adjacent to
the contact surface 148 and perpendicular to the longitudinal
axis 145 of the pin 136 less than about 75% (e.g., within a
range from about 10% to about 75%), less than about 50%
(e.g., within a range from about 10% to about 50%), less than
another suitable threshold percentage, or within another suit-
able range of percentages of a cross-sectional area of the first
passage 142 at the first end portion 1444 of the tapered inner
surface 144 and perpendicular to the longitudinal axis 145 of
the pin 136.

FIGS. 2-9 are enlarged cross-sectional side views illustrat-
ing control-valve seats and pins configured in accordance
with additional embodiments of the present technology. With
reference to FIG. 2, a seat 200 can include a passage 202 and
the tapered inner surface 144. The seat 200 can be configured
for use without a complementary seat having the contact
surface 148 (FIG. 1B). In these embodiments, an actuator (not
shown) can be configured to press the shaft portion 136a of
the pin 136 against the tapered inner surface 144 with suffi-
cient force to at least generally shutoff flow of fluid though the
passage 202. As discussed above, however, greater force is
generally necessary to seal between larger surface areas. Fur-
thermore, the tapers of the inner surface 144 and the shaft
portion 136a of the pin 136 can make it difficult to achieve a
sufficient sealing force without causing the pin 136 to become
jammed within the passage 202 (e.g., without causing static
friction between the tapered inner surface 144 and the shaft
portion 1364 of the pin 136 to exceed a maximum pulling
force of the actuator). Accordingly, in some embodiments, the
seat 200 is configured to throttle fluid between the tapered
inner surface 144 and the shaft portion 136a of the pin 136
without being configured to shutoff flow of fluid though the
passage 202. For example, shutting off flow of fluid though
the passage 202 may be unnecessary (e.g., as discussed below
with reference to FIG. 8).

FIG. 3 illustrates the first seat 102, a second seat 300, and
apin 302 having a shaft portion 3024 and an end portion 3025.
The second seat 300 can have a contact surface 304 at least
generally perpendicular to the longitudinal axis 145 of the pin
302, and the end portion 3025 of the pin 302 can be flat or
otherwise shaped to sealingly engage the contact surface 304.
FIG. 4 illustrates the first seat 102, the pin 302, and a second
seat 400 including an inset 402 and a contact surface 404
within the inset 402 configured to engage the end portion
3025 of the pin 302. Seats and pins in other embodiments can
have a variety of other suitable forms.

In the control valve 100 shown in FIGS. 1A-1E, the first
seat 102 is partially inset within the second seat 104. In other
embodiments, the second seat 104 can be partially inset
within the first seat 102. For example, FIG. 5 illustrates a pin
500, a first seat 502, and a second seat 504 partially inset
within the first seat 502. The second seat 504 can include a
base portion 5044 and a projecting portion 5045. The first seat
502 can include an opening 506 configured to receive the
projecting portion 5045 of the second seat 504. A spacer 507
(e.g., one or more shims) can be operably positioned between
the first seat 502 and the base portion 504a of the second seat
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504. The first seat 502 can include an annular recess 508 and
a weep hole 510 connected to the opening 506. The annular
recess 508 can be configured to receive a high-pressure seal
(not shown). The second seat 504 can include an orifice
element 512 downstream from the pin 500, and a waterjet
outlet 514 downstream from the orifice element 512. FIG. 6
illustrates a first seat 600 including an opening 602 and a
second seat 604 including a base portion 604a and a project-
ing portion 6045. The projecting portion 6045 of the second
seat 604 can be connected to the first seat 600 at an engage-
ment feature 606 including complementary threads operably
positioned within the opening 602. The spacer 507 (FIG. 5)
and the engagement feature 606 (FIG. 6) can faciliate adjust-
ing the relative positions of the first seats 502, 600 and the
second seats 504, 604, respectively.

As discussed above with reference to FIGS. 1A-1E, in
some embodiments, the contact surface 148 (FIG. 1B) is
operably positioned downstream from the tapered inner sur-
face 144 (FIG. 1B). In other embodiments, the contact surface
148 can be operably positioned upstream from the tapered
inner surface 144. For example, FIG. 7 illustrates a seat 700
and a pin 702 partially received within a passage 704 of the
seat 700. The seat 700 can include a contact surface 706
operably positioned upstream from the tapered inner surface
144. The pin 702 can include a first portion 702a operably
positioned toward a downstream end portion 7025, a second
portion 702¢ operably positioned toward an upstream end
portion (not shown), and a third portion 7024 therebetween.
The downstream end portion 7025 can be at least generally
flat, conical, or have another suitable shape. The first portion
702a can be tapered and can be configured to interact with the
tapered inner surface 144 to throttle fluid flow through the
passage 704. The third portion 7024 can be configured to
interact with the contact surface 706 to shut off fluid flow
through the passage 704.

In the illustrated embodiment, the contact surface 706 is
adjacent to the second end portion 1445 of the tapered inner
surface 144. In other embodiments, the contact surface 706
can be spaced apart from the second end portion 1445 of the
tapered inner surface 144. For example, FIG. 8 illustrates a
seat 800 and a pin 802 partially received within a passage 804
of the seat 800. The seat 800 can include a contact surface 806
upstream from the tapered inner surface 144 and an enlarged
opening 808 between the contact surface 806 and the tapered
inner surface 144. The pin 802 can include a first portion 802a
operably positioned toward a downstream end portion 8025,
a second portion 802¢ operably positioned toward an
upstream end portion (not shown), and a third portion 8024
therebetween. The first portion 8024 of the pin 802 can be
longer than the first portion 702a of the pin 702 (FIG. 7) to
extend through the enlarged opening 808.

Positioning the contact surface 806 at an upstream end of
the passage 804 may facilitate manufacturing the seat 800 as
asingle piece. Accordingly, in the illustrated embodiment, the
seat 800 is at least generally free of seams between the contact
surface 806 and the tapered inner surface 144. In other
embodiments, the seat 800 can be replaced with an upstream
seat including the contact surface 806 and a downstream seat
including the tapered inner surface 144 connected in a suit-
able manner (e.g., as discussed above in the context of con-
necting the first and second seats 102, 104 shown in FIG. 1B).
The first and second seats 102, 104 shown in FIG. 1B may be
a single piece without any seams. For example, FIG. 9 illus-
trates a seat 900 having a passage 902. In the illustrated
embodiment, the contact surface 148 and the tapered inner
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surface 144 are part of a single piece with the contact surface
148 positioned downstream from the tapered inner surface
144.

With reference to FIGS. 1A-1E, although in some cases
fluid flows through the control valve 100 from the fluid inlet
126 toward the second passage 146, in other cases fluid can
flow through the control valve 100 in the opposite direction.
Similarly, with reference to FIGS. 2-9, although in some
cases fluid flows past the pins 136, 302, 500, 702 and 802 in
the same direction as the direction in which the pins 136, 302,
500, 702 and 802 taper inwardly (i.e., the direction in which
the width of the pins 136, 302, 500, 702 and 802 decreases),
in other cases, fluid can flow past the pins 136, 302, 500, 702
and 802 in the opposite direction. Accordingly, although
some control-valve features and components described above
and elsewhere in this disclosure are described with terms such
as upstream, downstream, inlet, outlet, and the like, the oppo-
site terms can be attributed to the features and components
when flow is reversed. For example, the fluid inlet 126 can be
a fluid outlet, the upstream housing 106 can be a downstream
housing, and the downstream housing 108 can be an upstream
housing. In some embodiments, the control valve 100
includes certain modifications to facilitate reverse flow. For
example, the upstream housing 106 can be configured to be
coupled to a cutting head (not shown) extending away from
the upstream housing 106 toward a waterjet outlet (also not
shown) such that fluid at a pressure controlled by the control
valve exits the control valve 100 via the fluid inlet 126 and
extends through the cutting head toward the waterjet outlet. In
some embodiments, flowing fluid past the pins 136, 302, 500,
702 and 802 in the opposite direction as the direction in which
the pins 136, 302, 500, 702 and 802 taper inwardly may be
advantageous, such as to reduce or eliminate the tendency of
pressure fluctuations in the fluid to destabilize positioning of
the pins 136, 302, 500, 702 and 802 during use of the control
valves. In other embodiments, flowing fluid past the pins 136,
302,500, 702 and 802 in the same direction as the direction in
which the pins 136,302, 500, 702 and 802 taper inwardly may
be advantageous, such as to reduce or eliminate encumbrance
upon movement of a waterjet assembly relative to a work-
piece.

Selected Examples of Control-Valve Actuators

Control valves configured in accordance with at least some
embodiments of the present technology can include actuators
(e.g., linear actuators) that precisely and accurately move a
pin to one or more positions relative to a seat and at least
generally maintain the pin at the position(s). In some cases,
the actuators include electromechanical and/or hydraulic
actuating mechanisms alone or in combination with pneu-
matic actuating mechanisms. In other cases, the actuators can
be entirely pneumatic, or be configured to operate by one or
more other suitable modalities. Suitable electromechanical
actuating mechanisms can include, for example, stepper
motors, servo motors with position feedback, direct-current
motors with position feedback, and piezoelectric actuating
mechanisms, among others. In a particular embodiment, a
control valve includes an actuator having a Switch and Instru-
ment Motor Model 87H4B available from Haydon Kerk
Motion Solutions (Waterbury, Conn.).

Different types of actuating mechanisms can have different
advantages when incorporated into control valves in accor-
dance with embodiments of the present technology. For
example, electromechanical and hydraulic actuating mecha-
nisms are typically more resistant to moving in response to
variable opposing forces than pneumatic actuating mecha-
nisms. Pneumatic actuating mechanisms, however, typically
operate more rapidly than hydraulic actuating mechanisms as
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well as many types of electromechanical actuating mecha-
nisms. Furthermore, relative to electromechanical actuating
mechanisms, pneumatic actuating mechanisms typically are
better suited for precisely controlling the level of force on a
pin. As discussed in further detail below, actuators configured
in accordance with at least some embodiments of the present
technology can have one or more features that reduce or
eliminate one or more disadvantages associated with conven-
tional actuators in the context of actuating the control valves
discussed above with reference to FIGS. 1A-9 and/or other
control values configured in accordance with embodiments of
the present technology.

It can be useful for an actuator to have a combination of
different actuating mechanisms. For example, with reference
to FIGS. 1A-1E, the actuator (not shown) can move the pin
136 relative to the first and second seats 102, 104 through a
range of positions between a shutoff position and a given
throttling position. The actuator of the control valve 100 can
include a first actuating mechanism (also not shown) (e.g., a
hydraulic and/or electromechanical actuating mechanism)
configured primarily to move the pin 136 from one throttling
position to another throttling position, and a second actuating
mechanism (also not shown) (e.g., a pneumatic actuating
mechanism) configured to move the pin 136 through the
range of throttling positions to and/or from the shutoff posi-
tion. For example, the first actuating mechanism can be con-
figured to exert a variable force on the pin 136 to at least
partially counteract a variable opposing force on the pin 136,
thereby maintaining the pin 136 at an at least generally con-
sistent position during throttling. The second actuating
mechanism can be configured to exert a more consistent force
on the pin 136 than the first actuating mechanism so as to
press the end portion 1365 of the pin 136 against the contact
surface 148 with an at least generally consistent force when
the pin 136 is at the shutoff position. It can be useful to move
the pin 136 through at least some of the throttling positions
rapidly (e.g., to reduce erosion on the contact surface 148).
Accordingly, the second actuating mechanism can be config-
ured to move the pin 136 at a faster speed than the first
actuating mechanism. In some embodiments, the second
actuating mechanism can include a snap-acting-diaphragm,
such as a metal snap-acting-diaphragm available from Hud-
son Technologies (Ormond Beach, Fla.). Snap-acting-dia-
phragms, for example, can facilitate rapid small-stroke actu-
ating without sliding parts. In other embodiments, control
valves configured in accordance with the present technology
can utilize other types of actuators in other manners.

FIG. 10 is a cross-sectional side view illustrating a control-
valve actuator 1000 configured in accordance with an
embodiment of the present technology. The actuator 1000 can
include an adapter 1002, a first actuating mechanism 1004,
and a second actuating mechanism 1006 operably positioned
between the adapter 1002 and the first actuating mechanism
1004. The adapter 1002 can include a central recess 1008
configured to receive both the base portion 136¢ of the pin 136
and the cushion 140. The adapter 1002 can further include a
flange 1010 secured (e.g., bolted) to the second actuating
mechanism 1006. The first actuating mechanism 1004 can
include a stepper motor 1012 (shown without internal detail
for clarity), apower cord 1014 (e.g., an electrical cord), and a
first plunger 1016. The second actuating mechanism 1006 can
include a pneumatic cylinder 1018 having a body 1020 and a
second plunger 1022. The body 1020 can include a first fluid
port 1024, a second fluid port 1026, and a chamber 1028
operably positioned between the first and second fluid ports
1024, 1026. The second plunger 1022 can include a piston
1030 configured to move back and forth within the chamber
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1028. A difference between a pressure on one side of the
piston 1030 associated with the first fluid port 1024 relative to
a pressure on an opposite side of the piston 1030 associated
with the second fluid port 1026 can cause the second plunger
1022 to move relative to the body 1020 so as to approach or
achieve pressure equilibrium. In the illustrated embodiment,
the first actuating mechanism 1004 is electromechanical and
the second actuating mechanism 1006 is pneumatic. In other
embodiments, the first actuating mechanism 1004 can be
pneumatic and the second actuating mechanism 1006 can be
electromechanical. In still other embodiments, the first and
second actuating mechanisms 1004, 1006 can be the same
type (e.g., electromechanical, hydraulic, pneumatic, etc.)
with one or more different characteristics (e.g., force, travel,
and/or resistance to static and/or dynamic loads).

FIG. 11 is a cross-sectional side view illustrating a control-
valve actuator 1100 configured in accordance with another
embodiment of the present technology. The actuator 1100 can
include a first pneumatic actuating mechanism 1102, a second
pneumatic actuating mechanism 1104, and a plunger 1105.
The first pneumatic actuating mechanism 1102 can include an
annular first chamber portion 1106, an annular second cham-
ber portion 1108, and a first piston 1110 operably positioned
between the first chamber portion 1106 and the second cham-
ber portion 1108. The first and second chamber portions
1106, 1108 can be operably connected to first and second
pneumatic regulators 1112, 1114, respectively, for control-
ling pneumatic flow into and out of the first and second
chamber portions 1106, 1108, respectively. The second pneu-
matic actuating mechanism 1104 can include a cylindrical
third chamber portion 1116, a cylindrical fourth chamber
portion 1118, and a second piston 1120 operably positioned
between the third and fourth chamber portions 1116, 1118.
The third and fourth chamber portions 1116, 1118 can be
operably connected to third and fourth pneumatic regulators
1122, 1124, respectively. The plunger 1105 can be operably
connected to the second piston 1120.

In at least some embodiments, the second pneumatic actu-
ating mechanism 1104 can be at least partially inset within the
first pneumatic actuating mechanism 1102. For example, the
actuator 1100 can include an outer housing 1126 having a
central channel 1128 (e.g., cylinder), and an inner housing
1130 at least partially defining the third and fourth chamber
portions 1116, 1118. The inner housing 1130 can be slidably
received within the central channel 1128. The outer housing
1126 can include an annular channel 1132 around the central
channel 1128. The annular channel 1132 can at least partially
define the first and second chamber portions 1106, 1108. The
first piston 1110 can be annular and secured to the inner
housing 1130 such that the first piston 1110 and the inner
housing 1130 move together. For example, the first and sec-
ond pneumatic regulators 1112, 1114 can cause a pressure
difference on opposite sides of the first piston 1110 that
causes the inner housing 1130 and the second piston 1120
(and hence the plunger 1105) to move relative to the outer
housing 1126. The third and fourth pneumatic regulators
1122, 1124 can cause a pressure difference on opposite sides
of'the second piston 1120 that causes the second piston 1120
(and hence the plunger 1105) to move relative to the inner
housing 1130 and the outer housing 1126.

The actuator 1100 can be configured to move the pin 136
between a shutoff position, a first throttling position, and at
least a second throttling position. For example, the first pneu-
matic actuating mechanism 1102 can have a fully open posi-
tion when the pressure in the first chamber portion 1106 is
greater than the pressure in the second chamber portion 1108
causing the inner housing 1130 to move from left to right in
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FIG. 11, and a fully closed position when the pressure in the
first chamber portion 1106 is less than the pressure in the
second chamber portion 1108 causing the inner housing 1130
to move from right to left in FIG. 11. Similarly, the second
pneumatic actuating mechanism 1104 can have a fully open
position when the pressure in the third chamber portion 1116
is greater than the pressure in the fourth chamber portion 1118
causing the second piston 1120 to move from left to right in
FIG. 11, and a fully closed position when the pressure in the
third chamber portion 1116 is less than the pressure in the
fourth chamber portion 1118 causing the second piston 1120
to move from right to left in FIG. 11. When the first and
second pneumatic actuating mechanisms 1102, 1104 are fully
closed or nearly fully closed, the pin 136 can be at or near the
shutoff position. When the first pneumatic actuating mecha-
nism 1102 is fully closed or nearly fully closed and the second
pneumatic actuating mechanism 1104 is fully open or nearly
fully open, the pin 136 can be at or near the first throttling
position. When the first and second pneumatic actuating
mechanisms 1102, 1104 are fully open or nearly fully open,
the pin 136 can be at or near the second throttling position. In
some embodiments, the first throttling position is selected to
produce a waterjet (e.g., a relatively low-pressure waterjet)
suitable for piercing a composite or brittle material (e.g.,
glass) and the second throttling position is selected to produce
a more powerful waterjet suitable for rapidly cutting or oth-
erwise processing a workpiece. In other embodiments, the
actuator 1100 can include additional pneumatic or non-pneu-
matic actuating mechanisms (e.g., nested within the second
pneumatic actuating mechanism 1104) configured to move
relative to one another in suitable permutations so as to move
the pin 136 between more than two throttling positions.

The first pneumatic actuating mechanism 1102 can have a
first travel distance 1134 and the second pneumatic actuating
mechanism 1104 can have a second travel distance 1136 less
than the first travel distance 1134. For example, the first travel
distance 1134 can be within a range from about 0.05 inch to
about 0.5 inch, within a range from about 0.1 inch to about 0.3
inch, or within another suitable range. In a particular embodi-
ment, the first travel distance 1134 is about 0.2 inch. The
second travel distance 1136 can be, for example, within a
range from about 0.001 inch to about 0.05 inch, within arange
from about 0.005 inch to about 0.015 inch, or within another
suitable range. In a particular embodiment, the second travel
distance 1136 is about 0.01 inch. The ratio of the first travel
distance 1134 to the second travel distance 1136 can be, for
example, within a range from about 5:1 to about 50:1, within
a range from about 10:1 to about 30:1, or within another
suitable range. In a particular embodiment, the ratio of the
first travel distance 1134 to the second travel distance 1136 is
about 20:1. It can be useful for the first pneumatic actuating
mechanism 1102 to be more powerful than the second pneu-
matic actuating mechanism 1104 for a given pneumatic fluid
pressure. For example, the first piston 1110 can have a greater
surface area exposed to pneumatic force than the second
piston 1120.

With reference to FIGS. 1A, 1B, and 11 together, the force
necessary to move the pin 136 typically decreases as the end
portion 1364 of the pin 136 approaches the contact surface
148. Thus, the force necessary to move the pin 136 a final
incremental distance before it reaches the shutoff position can
be relatively small. After the pin 136 reaches the shutoff
position, it can be useful to avoid pressing the end portion
1364 of the pin 136 against the contact surface 148 with
excessive force (e.g., force in excess of a force necessary to
achieve a suitable level of sealing) to avoid damaging the end
portion 1364 of the pin 136 and/or the contact surface 148
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and/or jamming the pin 136 (e.g., such that the pin 136
becomes stuck due to friction). In at least some embodiments,
the second pneumatic actuating mechanism 1104 is config-
ured to apply a level of force selected for achieving a suitable
contact force between the end portion 1365 of the pin 136 and
the contact surface 148 when the pin 136 is in the shutoff
position. Additionally, the first pneumatic actuating mecha-
nism 1102 can be configured to apply a higher level of force
selected to overcome opposing force acting on the pin 136
when the pin 136 is in the first throttling position. In a par-
ticular embodiment, for example, the second pneumatic actu-
ating mechanism 1104 is configured to apply about 400
pounds of force. When the second pneumatic actuating
mechanism 1104 includes an electric motor, the motor can be
configured to automatically slip or stall at a force lower than
a force that would damage the end portion 1365 of the pin 136
and/or the contact surface 148, but still greater than a force
necessary to achieve a suitable level of sealing.

FIGS. 12A, 12B, and 12C are cross-sectional side views
illustrating a portion of a control valve 1200 including an
actuator 1201 configured in accordance with another embodi-
ment of the present technology. The actuator 1201 can
include an actuator housing 1202 having a firstend 12024 and
a second 